ABSTRACT -We describe a search for the decay of the 2 boson into pairs of doubly charged
Higgs bosons (Majorons) with the Mark II detector operating at the SLAC Linear Collider. Each Higgs boson is assumed to decay into a same-sign lepton pair, producing a four-lepton final state. No event candidates are found in a sample of 528 2 decays. For a doubly charged Higgs boson that is a member of a left-handed weak isotriplet, this result excludes the region of mass (MH) and leptonic coupling (gfe), 6.5 GeV/c2 < 1G/li < 36.5 GeV/c2 and gu > 3 x 10e7, with 95% confidence.
If the Higgs boson is a singlet of left-handed weak isospin, the excluded region is 7.3 GeV/c2 < MH < 34.3 GeV/c2 and gel > 3 x 10T7, with 95% confidence. These limits are independent of the flavors of the final state leptons. MH > 14 GeV/c2 with 90% confidence. We therefore seek to improve the smallcoupling limit by searching for the process e+e-+ Z t H++H--t l+l+l-lwhere .! and I may or may not be the same species of charged lepton.6
The production cross section for doubly charged Higgs scalars at the 2 pole is moderately large. The partial width for the decay 2 t H++H--(I?HH) is given [7] [8] by the following, tree-level expression, rHH = ;;z (I! -2 sin2 01U)2g3 Of the six possible four-lepton final states, the most difficult to detect is the one consisting of four T leptons. The strategy of this analysis is to define a set of topological selection criteria that can identify the four-r final state with high efficiency. It is clear that such criteria select four-lepton final states that contain two or more stable leptons with comparable or larger efficiency.
Since 90% of all four-r events decay into six or fewer charged particles, we consider only those event candidates that contain six or fewer charged tracks that project into a cylindrical volume of 2 cm radius and 6 cm length that is centered on the interaction point of the SLC. In order to suppress two-photon events and badly accepted hadronic final states, we require that the scalar sum of the track momenta be at least 10 GeV/c. We expect most four-lepton events to appear as four-cluster events. There is a reasonable probability, however, that a cluster occurs in one of the forward regions, I cos 81 > 0.80, and is not detected (approximately 30% of all events fall into this category). We therefore require each event candidate to contain either three or four clusters of energy larger than 1.0 GeV. The net charge of each cluster must be ----unity. The event must not contain any clusters with charges larger than unity. The -net event charge must be zero for four-cluster candidates or unity for three-cluster candidates.
There are no event candidates in the Mark II data sample that satisfy the selection criteria. The number of background events that are expected to satisfy the selection criteria is estimated from several Monte Carlo simulations. We estimate the contributions from two-photon processes: radiative lepton pair Using the Monte Carlo simulation, we find that the efficiency of the detector and selection criteria (EH) for 7 final states is insensitive to the 7 chirality.I7 The overall efficiency is therefore independent of I3L. We also find that the acceptance for muon final states is smaller than that for electron final states by a few percent.
----This difference is due entirely to the presence of the neutral energy trigger which detects electrons but not muons. To simplify the analysis, we choose to ignore this difference and to use the (more conservative) muon acceptance for both species of stable lepton.
-The efficiency function EH therefore depends upon the r-pair branching ratio 
where: NH is the expected number of produced Higgs pairs of mass h/r~ and isospin 1: (correctly summed over all of the Mark II energy-luminosity points); ~~~ = 0.953 is the efficiency to detect a hadronic event;r' N,, is the expected number ._ _ of produced hadronic events (summed over all energy-luminosity points); and &' H is the probability that a produced doubly charged Higgs event fails the selection criteria and satisfies the hadronic event selection criteria. Although this technique is insensitive to the absolute luminosity scale of the experiment, it is reassuring to note that the product ~~~~~~ is calculated to be 451 events, in excellent agreement with the observed number of events (455).
We account for systematic uncertainties on the 7 branching ratios (0.4%) and In the short lifetime region, the intervals of MH that are excluded with 90%
confidence and with 95% confidence are listed in Table I for In order illustrate the dependence of the limits upon the mass and coupling constants, the least restrictive 90% limit (B, = 1, I: = 0) is plotted in gee -MH space in Figure 1 (the solid curve). Note that it extends to gel = 7.2 x 10m8. The limit is compared with two rather specific limits from Reference 5. 
FIGURE CAPTIONS
1) The 90% confidence contours of MH versus the leptonic coupling strength gee that are obtained from several processes. The excluded regions are indicated by the shaded side of each contour. The result of this search is shown as the solid contour (the limit is independent of lepton flavor). The limit 5 that is obtained from the limit on muonium to antimuonium conversion is shown as ._ _ a dotted line (dm is plotted along the horizontal axis). The limit 5 that is obtained from the Bhabha scattering data of several PEP and PETRA experiments is shown as a dashed curve (gee is plotted along the horizontal axis). For reference, the sizes of the coupling constants g, g', and e are indicated. The strong coupling limit occurs at the value G.
